ABSTRACT A myeloma IgD immunoglobulin (designated WAH) that was present in hig concentration in plasma (-3.5 g/dl) was purified in >90% yield by a two-step procedure of ammonium sulfate precipitation plus AcA 34 gel filtration. Although the plasma had been stored for 2 years without the addition of a proteolytic inhibitor, no "spontaneous" degradation was apparent and the isolated IgD remained structurally intact.
80,000) fragments were generated quantitatively after only 10 min of incubation with papain in the absence of cysteine. By combining limited enzymatic digestion, reductive cleavage, and cyanogen bromide fragmentation, several series of well defined fragments corresponding to the different regions and domains of the IgD molecule were generated. These fragments are useful for physical, chemical, and immunological studies, as well as for the sequence determination of the IgD 5 chain. A model of the IgD molecule was derived from such studies and from overlapping of the series-of fragments. The possible existence of an extra constant domain in the 5 chain appears unlikely in view of our finding of an extended hinge region of about 50 residues which can be cleaved off the amino terminus of the papain Fc by brief treatment with trypsin. In addition to a distinct stretch of carbohydrate attachment sites, the 5-chain hinge region contains a segment unusually rich in electrical charge. This charged segment is responsible for the lability of Igi to spontaneous degradation and may be related to its biological role as a B lymphocyte receptor. Although IgD was discovered as a fourth class of human immunoglobulins nearly 15 years ago (2, 3) , detailed structural studies have previously been greatly hampered because of several unfavorable factors. First, the very low incidence of IgD myeloma, the short survival time of the patients, and the comparatively low serum concentration of myeloma IgD all restricted the chance of collecting an IgD sample in sufficient quantity to complete the necessary work (4). Second, the notorious susceptibility of most IgD proteins to "spontaneous" degradation either in situ or during fractionation further reduced the availability of intact IgD (5, 6) . Third, the earlier failure to demonstrate any significant biological function for IgD detracted from interest in it (7) . Nevertheless, preliminary studies revealed some interesting structural features of IgD molecules (8, 9) . Thus, IgD, especially its Fca region, is very rich in carbohydrate. Its heavy chain (b chain) has a molecular weight suggesting either a five-domain structure (10) or a four-domain structure with an "extended" hinge region (5) . The presence in IgD of a single inter-heavy-chain disulfide bond also appears to be unique among human immunoglobulins (11) .
In 1973, IgD was demonstrated to be a major class of receptor immunoglobulins on human B lymphocytes despite its low serum concentration (12) . This observation prompted much new research that led to the finding of an IgD homologue on B cells in many animals (13) . Evidence is rapidly accumulating to support the idea that membrane IgD plays a key role in lymphocyte activation, differentiation, and proliferation (14) .
After rather uninformative exploratory studies using several other IgD proteins available to us in small amounts and already degraded to Fab and Fc fragments (Lov, Pa), our interest was renewed by the finding that a large amount (12- The hinge region attached to the amino terminus of this papain Fcb fragment can easily be removed by brief tryptic digestion to form a tryptic Fcb fragment indistinguishable from the tryptic Fcb fragment derived directly from the IgD molecule. In the presence of cysteine (>10 mM), the papain Fcb fragment is extensively degraded at its amino terminus, as shown in the right-hand pathway. RESULTS Purity and Integrity of Isolated WAH IgD. By using the two-step purification procedure of ammonium sulfate precipitation plus AcA 34 gel filtration, we isolated undegraded WAH IgD in high yield. Fig. 1A shows a typical gel-filtration pattern of the redissolved 1.5 M precipitate. From the absorbance at 280 nm, IgD comprises 80% of the proteins precipitated at this molar concentration. Immunodiffusion indicated no contamination by a2-macroglobulin, fibrinogen, haptoglobin, transferrin, or serum albumin and only a trace of IgG at the trailing end of the IgD peak. Less than 5% of the total IgD remained in the 1.5 M supernatant, as shown in Fig. 1 B and C , which give the gel-filtration patterns of the 2.1 M and 2.5 M precipitates. IgD-positive fractions from these two pools were heavily contaminated with haptoglobin, which was the major contaminant if the whole plasma was fractionated directly by AcA 34 gel filtration. In summary, approximately 12 g of purified IgD was obtained from one unit of WAH plasma by this procedure.
Despite the fact that WAH IgD plasma had been stored for 2 years without the addition of eAhx, no spontaneous fragmentation was apparent and the isolated IgD remained structurally intact. This is illustrated in Fig. 2 , which shows the separation of the WAH a chain and X chain after the isolated IgD was partially reduced and alkylated. The 6 chain appeared as a single band on NaDodSO4/polyacrylamide gel electrophoresis with a molecular weight estimated to be 66,000 i 1000 SEM.
Proteolytic Fragmentation of WAH IgD. The integrity of the purified WAH IgD does not indicate unusual stability reflecting unique structural characteristics such as a new subclass of IgD, for during in tntro studies, the WAH IgD was found to be extremely susceptible to limited cleavage to Fab and Fc-like fragments by various proteolytic enzymes, including trypsin, plasmin, papain, pepsin, and staphylococcal protease. Of these, trypsin and papain were found most useful for structural studies. As shown schematically in Fig. 3 , the Fabb fragment generated by trypsin retains all the GalN oligosaccharides, while the tryptic Fc6 fragment has all the GlcN oligosaccharides. However, several small nonglycopeptides were deleted from the hinge region in this digestion pathway. In contrast, two carbohydrate-free Fab6 fragments and an Fcb fragment that had all the carbohydrate were generated by papain digestion in the absence of cysteine. If cysteine was included in the diProc. Nati. Acad. Sci. USA 76 (1979) Proc. Natl. Acad. Sci. USA 76 (1979) 6575 15C long hinge region that extends between the Ca1 and the C62 domains. Our amino acid analysis and partial sequence analysis of the hinge region peptides indicate that the a hinge region is about 50 residues long and that it contains only one hydrophobic residue (a leucine, which is near the amino terminus) and is unexpectedly low in proline (three or four residues). The amino-terminal side of the hinge region is a glycopeptide segment about 20 residues long in which there are four or five 
